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O��g��al �c�e�t�fic �a�e�
The ut�l�zat��� �� c���ta�t te��e�atu�e a�e���et�y (CTA) �y�te� ��� the 
�ea�u�e�e�t �� �ea� ��c�llat��g vel�c�ty �� a�� at �egl�g�ble c����e���b�l�ty 
�� d��cu��ed �� th�� �a�e�. The �ea�u�e�e�t� we�e c��ducted at a �tat��� �� 
�el�-e�c�ted ��c�llat���� �� a c��cula� c���� �ect���al ���e ��ll�w��g the c�lla��e 
�� the ela�t�c te�t tube �� a Sta�l��g �e���t�� �� a fl�w Rey��ld� �u�be� �a�ge 
�� 7,000 ≤ Re ≤ 94,000. The c����-�ect���al t�ave��e �� the h�t-w��e ���be at 
the �ea�u�e�e�t �tat��� �� a ��eque�cy (f) �a�ge �� 13Hz ≤ f ≤ 107Hz we�e 
c��ducted. The c���� �ect���al ��c�llat��g vel�c�ty ���file wa� dete����ed 
by u���g the e��e�bled ave�age� �� ��c�llat��g vel�c�ty data. The ����t��� �� 
the h�t-w��e ���be c���e����d��g t� the �ea� a��al ��c�llat��g vel�c�ty wa� 
dete����ed t� be a�������ately 0.755 �� ���e �ad�u� ���� the ce�t�el��e �� the 
c�ve�ed �a�ge� �� Re a�d f.
Prikaz eksperimentalne metode za mjerenje srednje brzine 
oscilirajućeg toka u cijevi pomoću anemometra s toplom niti
Izv����z�a��tve�� čala�k
U �v�� �adu je ���kaza�a u��t�eba a�e���et�a u �ač��u �ada � k���ta�t��� 
te��e�atu��� za �je�e�je ��ed�j�h ��c�l��ajuć�h b�z��a z�aka ��� za�e�a��v�j 
�tlač�v��t�. Mje�e�ja �u v�še�a ��� �a����bud��� ��c�lac�ja�a u c�jev� k�už��g 
����eč��g ��e�jeka ���tavlje�e �ak�� ���guš�e Sta�l��g-�ve c�jev�, u �a����u 
Rey��ld��ve z�ačajke �d 7 000 d� 94,000. Ra���� ��ekve�c�ja �je��e ���de je 
u �a����u �d 13Hz d� 107Hz. P��fil ��c�l��ajuć�h b�z��a t�ka z�aka u ����eč��� 
��e�jeku c�jev� je �d�eđe� �ku��� u����ječe��h ��dataka d�b�ve��h �je�e�je�. 
P�z�c�ja �je��e ���de a�e���et�a � t��l�� ��t� u �d���u �a ��ed�ju ak��jal�u 
b�z��u t�ka z�aka je �d�eđe�a da �z���� 0.755 �ad�ju�a c�jev� �d ���et�ale c�jev� 
za �avede�e �a����e Re z�ačajke � ��ekve�c�je.
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1. Introduction
I� ca�e �� flu�d fl�w th��ugh c�lla���ble ela�t�c tube�, 
a��l�cat��� �� a� e�te��al ��e��u�e wh�ch �� h�ghe� 
tha� the ��te��al ��e��u�e t� the tube wall� cau�e� the 
c�lla��e �� the tube w�th the ge�e�at��� �� �el�-e�c�ted 
��c�llat����. The fl�w dy�a��c� w�th �a�t�cula� e��ha��� 
t� fl�w l���tat���, �atu�e �� ��c�llat���� ha� bee� �tud�ed 
���ce 1960’� due t� �t� �eleva�ce t� �hy���l�g�cal fl�w� 
[1-4]. Sel�-e�c�ted ��c�llat���� ��ll�w��g the c�lla��e a�e 
u��teady w�th t��e-de�e�de�t fluctuat���� �� ��e��u�e, 
vel�c�ty a�d fl�w �ate. The�e���e �� the ��ev��u� 
�tud�e� t��e-de�e�de�t fl�w �ate wa� �ea�u�ed w�th 
a� elect���ag�et�c fl�w �ete� �� aque�u� fl�w� [5]. 
The vel�c�ty �ea�u�e�e�t� we�e u�ually c��ducted by 
�ea�� �� La�e� D���le� A�e���ete� [6, 7]. It ha� bee� 
w�dely �b�e�ved that �el�-e�c�ted ��c�llat���� devel�� 
�t���gly �� b�th �� tube wall a�d fl�w whe� the ��te��al 
���u� e�te��al ��e��u�e ac���� the tube wall �� �egat�ve. 
A� ��te�act��� �ccu�� betwee� fl�w a�d the tube-wall; 
the �el�-e�c�ted ��c�llat���� w�th a �ult��le ��eque�cy 
��de a���e �w��g t� th�� ��te�act��� a�d a� a �e�ult the 
fl�w field bec��e� ve�y c���l�cated [8]. I� ge�e�al the 
��c�llat���� a�e ��flue�ced by b�th �� fl�w��g flu�d a�d 
tube cha�acte���t�c�. The ��te�t�al �echa����� ��duc��g 
the ��c�llat���� t� e�e�ge we�e b��ught �ut [9].
I� the c��ducted e��e���e�tal �tudy, ela�t�c te�t tube� 
l�cated �� the ��-called Sta�l��g �e���t�� we�e c�lla����g 
w�th the a��l�cat��� �� a� e�te��al ��e��u�e, pe ��duc��g 
the �el�-e�c�ted ��c�llat���� at d�w��t�ea� e�d �� the 
te�t tube�. The a��l�cab�l�ty �� a h�t-w��e a�e���ete� 
wa� c��t��lled by u���g the c����-�ect���al ��c�llat��g 
vel�c�ty ���file at a �ea�u�e�e�t �tat��� (xm) l�cated at 
d��cha�ge ���e �� the Sta�l��g �e���t��. The e��e���e�t� 
we�e �� dev��ed that the �a�t�cula� ��flue�ce �� ��c�llat��� 
��eque�cy, cha�acte���t�c� �� ��c�llat���� a��ected by 
the c�lla���ble tube �a�a�ete�� we�e ��t c����de�ed �� 
the c�ve�ed �a�ge �� �ea�u�e�e�t�. S��ce the ��e�e�t 
�tudy �� d��ected t�wa�d� a� a����ach w�th the h�t-
w��e a�e���et�y ut�l�zat��� �� the field �� �el�-e�c�ted 
��c�llat����, �hy��cal �echa���� �� the ��c�llat���� �� ��t 
d��cu��ed. The �a�� ��t�vat��� �� the ��e�e�t �tudy �� 
42 M. ÖZDINÇ ÇARPINLIOĞLU et. al., P�e�e�tat��� �� a� ���e���e�tal... Strojarstvo 54 (1) 41-48 (2012)
t - t��e 
 - v��je�e
u - �ea� vel�c�ty ��  �teady fl�w be���e c�lla��e 
 - ����ječ�a b�z��a �tac���a���g t�ka
u - l�cal vel�c�ty �� �teady fl�w be���e c�lla��e 
 - l�kal�a b�z��a �tac���a���g t�ka
ui - l�cal ���ta�ta�e�u� vel�c�ty  
 - l�kal�a t�e�ut�a b�z��a
Ue - e��ect�ve c��l��g vel�c�ty �� the h�t w��e ���be  
 - e�ekt�v�a b�z��a hlađe�ja �je��e ���de
uos - ��c�llat��g fl�w vel�c�ty 
 - b�z��a ��c�l��ajućeg t�ka
uos,max - ��c�llat��g fl�w vel�c�ty �ea�u�ed at the ���e  
   ce�t�e  
 - b�z��a ��c�l��ajućeg t�ka �je�e�a u ce�t�u  
   c�jev�
uos - �ea� ��c�llat��g vel�c�ty   
 - ���ed�je�a ��c�l��ajuća b�z��a
VA - �ut�ut v�ltage ���� h�t w��e a�e���ete�  
 - �zlaz�� �a��� a�e���et�a � t��l�� ��t�
�m - �ea�u�e�e�t �tat��� ���� the e��t �� the te�t  
   tube 
 - �je��a t�čka �d �zlaz��g ��e�jeka c�jev�
v - k��e�at�c v��c���ty �� the flu�d 
 - k��e�at�k� v��k�z�tet flu�da
Symbols / Oznake
A, B, n - c���ta�t� �� K��g’� Law  
 - k���ta�te K��g-�v�g zak��a
c - c���ta�t �� the ��we� law 
 - k���ta�ta ��te�c�jal�e �u�kc�je
Do - u�de����ed te�t tube d�a�ete�  
 - ����je� �ede������a�e c�jev�
f - ��eque�cy �� the ��c�llat���� 
 - ��ekve�c�ja ��c�lac�ja 
h - th�ck�e�� �� the te�t tube 
 - deblj��a �t�je�ke c�jev� 
L - le�gth �� the te�t tube 
 - dulj��a c�jev�
N - �u�be� �� data 
 - b��j ��dataka
pe - e�te��al ��e��u�e �� Sta�l��g �e���t�� 
 - va�j�k� tlak u Sta�l��g-�v�� �t�����ku
p2 - ��e��u�e at the e��t �� the te�t tube 
 - tlak �a �zlazu c�jev�
r - �ad�al ����t��� ���� the ���e ce�t�e 
 - �ad�jal�a udalje���t �d ��ed�š�j�ce c�jev�
R - ���e �ad�u� 
 - ��lu�je� c�jev�
R' - l���t��g ����t��� �� the h�t-w��e ���be cl��e  
   t� the wall 
 - g�a��č�� ��l�žaj ���de a�e���et�a bl�zu  
   �tje�ke c�jev�
Re - fl�w Rey��ld� �u�be� �� �teady fl�w be���e  
   c�lla��e  
 - Rey��ld��v b��j �tac���a���g t�ka
t� ��ve�t�gate the �����b�l�ty �� the �ea� fl�w vel�c�ty 
dete����at��� ��� ��c�llat��g fl�w� �� ���e� w�th the 
ut�l�zat��� �� a h�t w��e a�e���ete�. The ����t��� �� the 
h�t-w��e ���be c���e����d��g t� the �ea� ��c�llat��g 
vel�c�ty ha� bee� dete����ed w�th �e��ect t� the �ea�u�ed 
data. The �e�ult �� checked ��� a va��ety �� te�t c��d�t���� 
a�d �ugge�ted l�cat��� �� the ���be �� �ee� t� be �ea�ly 
the �a�e ��� the c�ve�ed ca�e�.
2. Experimental set-up and measurements
The ��e�-�y�te� e��e���e�tal �et-u� �� wh�ch a�� �� 
u�ed a� fl�w��g flu�d �� �h�w� �che�at�cally �� F�gu�e 1. 
A��fl�w �� �u��l�ed ���� a �c�ew ty�e c����e���� wh�ch 
���v�de� a�� �� ������t��� t� the c���u��t���. A��fl�w �� 
the�eby �tead�ly ���v�ded u�de� a c���ta�t head at a�y 
de���ed fl�w �ate. The te�t �y�te� �� �a��ly c�����ed �� 
a� a��t�ght b��, a c�lla���ble tube a�d ��g�d ���e� be���e 
a�d a�te� the a��t�ght b�� wh�ch �� w�dely k��w� a� al�� 
“Sta�l��g �e���t��”.
A c�lla���ble tube wh�ch �� ��u�ted �� ��g�d 
attach�e�t� w�th cla��� at �t� e�d� ha� bee� �laced 
h���z��tally �� the Sta�l��g �e���t��. The ��e��u�e e�te��al 
t� the c�lla���ble tube (pe) ca� be a��l�ed by a �a�ual 
a�� �u��. The ��g�d ���e� be���e a�d a�te� the Sta�l��g 
�e���t�� a�e 2 �ete�� l��g a�d they have a� ����de d�a�ete� 
�� 25.4 ��. The �teady fl�w e�te���g t� the te�t �ect��� �� 
the�e���e �a��ta��ed a� �ully devel��ed. The v�lu�e �� 
the a��t�ght b�� �� la�ge e��ugh ��� pe ��t t� be a��ected by 
the �el�-e�c�ted ��c�llat����. The t�� c�ve� �� the b�� ca� 
be �e��ved a�d cl��ed �� ��de� t� ca��y �ut e��e���e�t� 
w�th d���e�e�t c�lla���ble tube�. The ����de d�a�ete� �� 
the ��g�d attach�e�t �e��e�e�ted w�th �a�t-8 �� F�gu�e 1 �� 
25.4 �� a�d the th�ee d���e�e�t le�gth� �� �t a�e 17.5 ��, 
47 �� a�d 79 ��. M��e deta�led ������at��� �ega�d��g 
the �et-u� wa� ��e�e�ted �� [10].
The u�de����ed ����de d�a�ete� (Do) �� the tube� 
a�e 25.4 ��. The th�ck�e�� �� ��l�c��e �ubbe� tube� a�e 
1 ��, 2 �� a�d that �� �e����e tube �� 0.55 ��. The 
le�gth �� the c�lla���ble tube (L) wa� adju�ted a� the 
d��ta�ce betwee� tw� ��g�d attach�e�t� t� e�able that 
the�e wa� �� a�y ��ete����� l�aded t� the tube. Acc��d��g 
t� the le�gth �� the ��g�d ���e �eg�e�t, the tube� ca� be 
te�ted w�th d���e�e�t d��e�����le�� �at��� �� L / Do. F�� 
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���ta�ce �� �t �� 17.5 ��, th�� �at�� w�ll be 10, wh�le 
L / Do = 5 ��� the ca�e �� 79 �� l��g ��g�d ���e �eg�e�t. 
The late� (Pe����e) a�d ��l�c��e �ubbe� te�t tube� (w�th�ut 
a��ly��g pe) we�e �laced �� the ce�t�e �� the Sta�l��g 
�e���t�� w�th �� l��g�tud��al te�����. The ��ec�ficat���� 
�� the te�t tube� a�e g�ve� �� Table 1 t�gethe� w�th the 
������ed tube c�d��g �y�te�.
The �ea�u�e�e�t �� pe wa� ca���ed �ut by �ea�� �� a 
��e��u�e t�a����tte� �� c��b��at��� w�th d�g�tal ���ce���� 
c��t��lle� at �e���t�v�ty �� ±7 Pa. The ��e��u�e d�w��t�ea� 
�� the te�t tube at x
�
 = 0.7 Do wa� �ea�u�ed by �ea�� �� 
a ��e��u�e t�a��duce� at a �e���t�v�ty �� ±10 Pa. The t��e 
de�e�de�t vel�c�ty wa� �ea�u�ed �� the ��g�d ���e at a 
d��ta�ce �� 2.45Do ���� the e��t �� Sta�l��g �e���t�� by 
�ea�� �� the h�t w��e a�e���ete� �� c��b��at��� w�th 
�t� ����atu�e w��e ���be hav��g a �e���t�v�ty �� ±0.05 
�/�. The h�t w��e ���be wa� ��ved �� the �ad�al d��ect��� 
by �ea�� �� a t�ave��e �echa���� w�th a d��e�����al 
�e���t�v�ty �� ±0.25 ��. The ���be wa� t�ave��ed at 
equal ��te�val� c�ve���g the �ad�al ����t���� �� r = ±12 
��, ±9 ��, ±6 ��, ±3 �� a�d r = 0 ��. A �atte� 
that a���e� whe� cal�b�at��g h�t-w��e a�e���ete�� �� the 
c���elat��� betwee� the e��ect�ve c��l��g vel�c�ty Ue, a�d 
the v�ltage ac���� the h�t w��e, VA. The ���t acce�table 




whe�e A, B a�d n a�e c���ta�t�. The e����e�t n u�ually 
va��e� ���� 0.4 t� 1.3 a�d �� �tated t� be �t���gly 
Figure 1. A �che�at�c �e��e�e�tat��� �� the e��e���e�tal �et-u� t�gethe� w�th �t� data acqu���t��� a�d �ea�u�e�e�t �y�te�
Slika 1. She�at�k� ���kaz ek��e���e�tal��g a�a�ata �a �u�tav�� za �je�e�je  � akv�z�c�j�� ��dataka
1. P�e��u�e �egulat�� / �egulat�� ���t��ka
2. R�g�d ���e /  k�uta c�jev
3. Ma�ual a�� �u�� / �uč�a �u��a z�aka 
4. Valve ��� ��e��u��z��g the Stal��g �e���t�� / ve�t�l za 
 ��e�u��zac�ju Sta�l��g-�v�g �t�����ka
5. �la�t�c tube / ela�t�č�a c�jev
6. Ob�e�vat��� w��d�w / ���z�� za ����at�a�je
7. Cla��� / �tege
8. R�g�d attach�e�t� / k�ut� ���ključc�
9. C���ect��� �a�t� w�th O-���g / ���j�� d�jel�v� � 
 O-���te���
10. Ta����g ��� �ea�u���g p2 / ���ključak za �je�e�je p2
11. Ta����g ��� �ea�u���g p
e
  /���ključak za �je�e�je p
e
12. 55P14 P��be-Da�tec / �je��a ���da 55P14 Da�tec
13. T�ave��e �echa���� / t�ave�za
14. R�g�d ���e / k�uta c�jev
15. P�e��u�e t�a����tte� / ��etva�ač ��g�ala tlaka
16. D�g�tal ���ce�� c��t��lle� / d�g�tal�� ���ce��� k��t��le�
17. DC ��we� �u��ly / �zv�� ��t���je��e �t�uje
18. P�e��u�e t�a��duce� / t�a��dukt�� tlaka
19. CTA 56C01-Da�tec / CTA 56C01-Da�tec
20. Sc�ew te����al acce����y b��d / �l�ča za d�datke
21. DAS-1602 Ha�dwa�e b��d / DAS-1602 ���e�a za akv�z�c�ju 
 ��dataka
22. C���ute� / �aču�al�
23. P���te� / ���ač
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Table 1. P���e�t�e� �� the te�t tube�
Tablica 1. Sv�j�tva c�jev� �a k�j��a �u v�še�a �je�e�ja
Mate��al / 
Mate��jal
Tube C�de / 
Oz�aka c�jev�









Pe����e Tube / 
PS 127 25.4 0.55 th��-walled 7.56Do
Latek� (Pe����e 




190.5 25.4 1 th��-walled 6.30Do
/ S�l�k���ka 
gu�a S1,L 254 25.4 1 th��-walled 5.12Do
S
2,L
254 25.4 2 th�ck-walled 5.12Do
de�e�de�t �� the vel�c�ty �eg��e [11]. The cal�b�at��� 
�� the ���be �� te��� �� Ue a�d VA (F�gu�e 2) y�eld� ��� 
the th�ee c���ta�t� a��ea� �� K��g’� Law a� A = 2.364, 
B = 0.996 a�d n = 0.456, �� that the ��ll�w��g �elat����h�� 
wa� �bta��ed �� acc��da�ce w�th �q. (1):
 (2)
Figure 2. Cal�b�at��� cu�ve �� h�t-w��e’� ���be
Slike 2. Kal�b�ac�j�ka k��vulja �je��e ���de
The �ut�ut v�ltage� ���� CTA a�d ��e��u�e 
t�a��duce�� we�e ���ulta�e�u�ly acqu��ed by the data 
acqu���t��� �y�te� c�����ed �� a� A/D c��ve�te� 
���talled �� the c���ute� v�a �c�ew te����al acce����y 
b�a�d. Acc��d��g t� the well-k��w� Nyqu��t the��e�, 
the �a��l��g �ate �u�t be equal t� �� g�eate� tha�, tw�ce 
the h�ghe�t ��eque�cy c�����e�t �� the a�al�g ��g�al. 
The�e���e the data-�a��l��g �ate wa� u�ed a� va�y��g 
betwee� 120 �a��le/�ec��d a�d 250 �a��le/�ec��d by 
the w��tte� data accu�ulat��� ���g�a� c���e����d��g 
to f ≤ 30 Hz a�d f = 100 Hz, �e��ect�vely �� that the 
�ettled �a��l��g �ate value wa� h�gh e��ugh t� �at���y 
the Nyqu��t’� the��e�. The �t��ed vel�c�ty a�d ��e��u�e 
data we�e ���ce��ed t� �bta�� the Fa�t F�u��e� T�a������ 
(FFT) �� the ��g�al�. The �ea�u�e�e�t �tat��� �� the h�t 
w��e ���be wa� at xm = 5.12Do, 6.30Do a�d 7.56Do ���� the 




, a�d PS �e��ect�vely. 
The �ea�u�e�e�t� we�e c��ducted �� a fl�w Re �a�ge �� 
7,000 ≤ Re ≤ 94,000 (Re = uDo/υ, whe�e u �� the �ea� 
fl�w vel�c�ty be���e c�lla��e �� u�de����ed tube a�d υ �� 
the k��e�at�c v��c���ty �� a��). A P�t�t tube at 6Do be���e 
��let �� the Sta�l��g �e���t�� �� u�ed �� c�llab��at��� 
w�th a� ��cl��ed alc�h�l �a���ete� hav��g a �e���t�v�ty 
�� ±10 Pa. S��ce alc�h�l level �� the �a���ete�’� leg 
d��ectly ����t� �ut the dy�a��c ��e��u�e that �� d���e�e�ce 
betwee� t�tal ��e��u�e �ea�u�ed ���� the P�t�t tube 
a�d �tat�c ��e��u�e �ea�u�ed ���� ��g�d ���e wall, �ea� 
fl�w ��eed u �� calculated ���� dy�a��c ��e��u�e. At 
the �ea�u�e�e�t �tat��� (xm �� F�gu�e 1) the �e����te�ce 
�� ��c�llat���� �� the c�ve�ed �a�ge �� the e��e���e�tal 
ca�e� we�e checked a�d the e��e�ble ave�aged value� �� 
��c�llat��g vel�c�ty ba�ed �� ���ta�ta�e�u� vel�c�ty data 
at each �ad�al ����t���, uos(r) we�e defi�ed a�:
 
(3)
whe�e N �� the �u�be� �� data. The c���� �ect���al �ea� 
��c�llat��g vel�c�ty, uos wa� late� evaluated by �u�e��cal 




whe�e R' wa� the l���t��g ����t��� (r = 12.0 ��) �� the 
h�t-w��e ���be cl��e t� the wall.
3. Results and discussion
The fl�w ����de the te�t tube� w�th�ut a� a��l�cat��� 
�� pe wa� dete����ed �� te��� �� a� e��e���e�tal �tudy 
���v�d��g al�� the cal�b�at��� �� the ���talled �et-u� a�d 
�t� c�u�led data acqu���t��� �y�te�. The c����-�ect���al 
vel�c�ty d��t��but��� d�w��t�ea� �� the te�t tube� �� ca�e 
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�� �teady fl�w ��� a �a�ge �� Re we�e a�������ate w�th 
the well-k��w� vel�c�ty ���file� that ca� be �ee� ���� 
the �a��le �l�t� �� F�gu�e 3 a�d F�gu�e 4, �e��ect�vely. 
The te�t ca�e� w�th the a��l�cat��� �� pe we�e ��u�d t� be 
�� tw� cla��e� �� wh�ch c�lla��e �� the te�t tube ��ll�wed 
by ��c�llat���� called a� ��c�llat��g a�d c�lla��e w�th�ut 
��c�llat���� called a� ���-��c�llat��g fl�w� [12]. The 
�a�ge� �� pe �e�ult��g �� ���-��c�llat��g fl�w w�th c�lla��e 
�� the te�t tube� a�e g�ve� �� Table 2. The e��e���e�tal 
data �bta��ed at xm = 5.12Do �� g�ve� �� Table 3 �uch that 
the ��eque�cy ba�d �� the ��c�llat���� wa� betwee� 13.94 
Hz a�d 107 Hz ��� the �tudy. It �� clea�ly �b�e�ved by 
�e�e����g Table 3 that ���tead �� Re, the �ag��tude �� pe 
g�ve��ed the ����at��� �� ��c�llat���� wh�ch we�e ��u�d 
t� be �eve�ely de�e�de�t �� the �ate��al ����e�t�e� �� the 
te�t tube. Th�� ca� be ve��fied by e�a�����g Table 3 that 
f = 20 Hz ��� Re = 71,000 at pe = 2.31 kPa a�d al�� ��� Re 
= 94,000 at pe = 2.55 kPa �� the e��e���e�t w�th S1,L tube. 
Na�ely, alth�ugh Re cha�ged ��t�ceably a�d pe �l�ghtly 
��c�ea�e�, f �ea�ly �e�a��� c���ta�t. H�weve�, ��eque�cy 
��c�ea�e� d�a�at�cally t� 107 Hz ��� Re = 80,000 whe� 
pe = 13.92 kPa w�th the �a�e tube. The�e���e �t ca� be 
c��cluded that f ��c�ea�e� w�th pe a�d �t �� �uch a��ected 
due t� pe �athe� tha� Re. I� the ��c�llat��g ca�e� v��ually 
�b�e�ved c�lla��e ge�e�ated ��c�llat���� th��e d��ectly 
a��ect vel�c�ty a�d ��e��u�e ��g�al� �ec��ded d�w��t�ea� 
�� the c�lla��e a� ca� be �ee� ���� the �a��le �l�t� 
��e�e�ted w�th F�gu�e 5 a�d F�gu�e 6.
Figure 3. C����-�ect���al vel�c�ty d��t��but��� d�w��t�ea� �� 
S
1,L
 �� �teady fl�w at x
�
 = 5.12Do, Re = 5,300 w�th pe = 0
Slika 3. Ra���djela b�z��e �� ����eč��� ��e�jeku c�jev� 
��z�t�uj�� �d S
1,L
 ��� �tac���a���� t�ku �a x
�




Fa�t F�u��e� T�a������at��� �� the vel�c�ty ��g�al, u 
��� a �teady ca�e g�ve� ��� PL (F�gu�e 7) ��d�cated that the 
F�u��e� ��ect�u� ha� a va��at��� betwee� 0 a�d 0.28 �� a 
��eque�cy ba�d �� 0-60 Hz w�th�ut ��c�llat����. H�weve� 
whe� the ��c�llat���� we�e ge�e�ated ��� the �a�e ca�e 
w�th a� a��l�cat��� �� p
e
 a� ca� be �ee� ���� F�gu�e 8 
F�u��e� ��ect�u� �� uos ��d�cated a d����a�t ��eque�cy 
�� 18.16 Hz c���e����d��g t� a �ag��tude �� 7.81. 
Figure 4. C����-�ect���al vel�c�ty d��t��but��� d�w��t�ea� �� 
S
1,L
 �� �teady fl�w at x
�
 = 5.12Do, Re = 51,000 w�th pe = 0
Slika 4. Ra���djela b�z��e �� ����eč��� ��e�jeku c�jev� 
��z�t�uj�� �d S
1,L
 ��� �tac���a���� t�ku �a x
�




Table 2. Ra�ge� �� p
e
 �e�ult��g �� ���-��c�llat��g fl�w
Tablica 2. Ra����� �e k�j� �ezult��aju �e-��c�l��ajuć�� t�k��






6,200 0 t� 2.55
S
2,L
7,500 0 t� 13.79
Table 3. ���e���e�tal data �ec��ded at x
�
 = 5.12Do
Tablica 3. Iz�je�e�� ��dac� �a x
�
 = 5.12Do






, kPa f, Hz
PL 7,000 0.241 13.94
PL 9,400 0.241 15.37
















Figure 5. Va��at��� �� uos w�th t��e at r = 0  a�d x� = 5.12Do  
��� S
2,L
 tube u�de�  p
e
 = 8.62 kPa at Re = 84,000 w�th a 
�a��l��g �ate �� 120 �a��le/�ec��d
Slika 5. P���je�a uos u v�e�e�u �a r = 0 � x� = 5.12Do  za S2,L 
c�jev ��� p
e
 = 8.62 kPa � Re=84000, �a b�z���� uz��k�va�ja �d 
120 uz��aka/�eku�d�
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Mea�wh�le the FFT �� u ��� �teady ca�e wa� c��fi�ed t� 
a �eg��� �h�w� by the da�hed l��e�. S���la�ly the FFT 
�� the ��e��u�e ��g�al take� at the �a�e c��d�t��� g�ve� 
�� F�gu�e 9 c��fi��ed the �a�e ��eque�cy value ��� the 
��c�llat���� a� �h�w� �� F�gu�e 8.
The c���� �ect���al d��t��but��� �� the e��e�bled 
ave�age ��c�llat��g vel�c�ty data at the �ea�u�e�e�t 





PS �� a �a�ge �� 7,000 ≤ Re ≤ 94,000 ��d�cated al���t 
�y��et��cal vel�c�ty ���file� w�th �e��ect t� the ���e 
ce�t�el��e. The �tated e���e����� ca� be �ee� ���� the 
�a��le �l�t �� F�gu�e 10 ��de�e�de�t �� ��eque�cy a�d 
the d��ta�ce ���� the c�lla��e ����t��� �� the te�t tube. 
The vel�c�ty ���file� �� uos(r) ��� the c�ve�ed te�t ca�e� 
we�e a�������ated �� the ���� �� the well-k��w� ��we� 





 �� the �a���u� value �� the ��c�llat��g fl�w 
vel�c�ty �ea�u�ed at ���e ce�t�e, r �� �ad�al ����t��� ���� 
the ���e ce�t�e, R �� the ���e �ad�u� (R = Do/2) a�d c �� 
Figure 6. Va��at��� �� p2 w�th t��e ��� PL tube u�de�  pe = 0.17 
kPa at Re = 18,500 w�th a �a��l��g �ate �� 120 �a��le/�ec��d
Slika 6. P���je�a p2 u v�e�e�u za PL c�jev ��� pe = 0.17 kPa � 
Re=18500, �a b�z���� uz��k�va�ja �d 120 uz��aka/�eku�d�
Figure 7. FFT �bta��ed ���� u ��� PL at r = 0.755R, x� = 
5.12Do, pe = 0 a�d Re = 18,500 (�teady ca�e)
Slika 7. FFT d�b�ve� �z u za PL c�jev �a r = 0.755R, x� = 
5.12Do, pe = 0 � Re=18500 (�tac���a��� �lučaj)
a c���ta�t �� the ��we� law. The �u�e��cal ��teg�at��� 
�� the ��we� law equat���� �� Table 4 acc��d��g t� the 
defi��t��� �� �q. (4) �e�ulted �� the calculat��� �� the 
�ea� vel�c�ty uos �� the field �� �el�-e�c�ted ��c�llat����. 
It �� �ee� ���� Table 4 that the c���ta�t c ��e�e�t �� �q. 
(5) ha� a �a�ge �� 5 < c < 7 a�d the �a���u� ��c�llat��g 
vel�c�ty take� �ag��tude� a� 12.5 �/� < u
��,�a� 
< 59 �/�. 
The ����t��� �� the h�t w��e ���be c���e����d��g t� uos 
wa� dete����ed t� be betwee� 0.750 R a�d 0.758 R wh�ch 
ca� be a�������ated a� 0.755 R ��� the c�ve�ed ca�e�.
Figure 8. FFT �bta��ed ���� uos(t) ��� PL at r = 0.755R, x� = 
5.12Do, pe = 0.17 kPa a�d Re = 18,500 (��c�llat��g ca�e)
Slika 8. FFT d�b�ve� �z uos(t) za PL c�jev �a r = 0.755R, x� = 
5.12Do, pe = 0.17 kPa � Re=18500 (��c�l��ajuć� �lučaj)
Figure 9. FFT �bta��ed ���� p2(t) ��� PL at x� = 0.7Do, pe = 
0.17 kPa a�d Re = 18,500 (��c�llat��g ca�e)
Slika 9. FFT d�b�ve� �z p2(t) za PL c�jev �a x� = 0.7Do, pe = 
0.17 kPa � Re=18500 (��c�l��ajuć� �lučaj)
Figure 10. Vel�c�ty d��t��but��� d�w��t�ea� �� S
1,M
 �� 
��c�llat��g fl�w at x
�
 = 6.3Do, Re = 61,000 
Slika 10. Ra���djela b�z��e �� ����eč��� ��e�jeku c�jev� 
��z�t�uj�� �d S
1,M
 ��� ��c�l��ajuće� t�ku �a x
�
 = 6.3Do, Re = 
61000
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Table 4. ����e������ ��� vel�c�ty ���file� a�d ����t��� �� h�t w��e ���be c���e����d��g t� uos








P�we� law e���e������ 






c���e����d��g t� uos / 
P�z�c�ja �je��e ���de u 
�d���u �a uos, (r, ��)
r / R c���e����d��g t� uos / 

























PS 20,800 178 12.52
1/5.26
9.61 9.55 0.752
PS 34,000 168 19.33
1/6.13
15.37 9.59 0.755




I� th�� ��ve�t�gat��� a� a����ach ha� bee� devel��ed 
��� the dete����at��� �� �ea� vel�c�ty �� u��teady fl�w� 
�� ���e�. A �ea�u�e�e�t tech��que w�th the ut�l�zat��� 
�� h�t-w��e a�e���ete� �� the field �� �el�-e�c�ted 
��c�llat���� d�w��t�ea� �� a c�lla���ble ela�t�c tube 
wa� ��e�e�ted. The �����b�l�ty �� a ����t��� �� the ���e’� 
�ad�al d��ect��� wh�ch c���e����d� t� uos wa� �e�ea�ched. 
The vel�c�ty d��t��but��� wa� �bta��ed ���� �e�a�ate 
l�cat���� �� ���e c����-�ect��� by t�ave����g the h�t-w��e 
���be. The �e�����ed e��e���e�t� w�th the ut�l�zat��� �� 
d���e�e�t c�lla���ble tube ty�e� ve��fied th�� ��qu��y ��� a 
w�de �a�ge �� Re. The ����t��� �� the ���be c���e����d��g 
to uos wa� ��u�d t� be 0.755R. I� the ��ve�t�gated �a�ge� 
�� Re a�d f, the vel�c�ty data take� at th�� ����t��� ca� 
al�� be u�ed t� dete����e the ��c�llat��g fl�w �ate a� a 
�u�ct��� �� t��e ���v�d��g a t��l ��� ��c�llat��g fl�w �ate 
�ea�u�e�e�t. It ca� the�eby be �tated that a h�t-w��e 
a�e���ete� �y�te� �ay alte��at�vely be ut�l�zed ��� the 
��c�llat��g fl�w� acc��d��g t� the �eth�d �utl��ed �� the 
��e�e�t �tudy.
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